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 2 
Abstract  24 
 25 
OBJECTIVES: To assess the prevalence of impinged spinous processes in asymptomatic dogs. These lesions 26 
are characterized by a narrowing of the interspinous space, associated with sclerosis and bone remodelling. 27 
Such findings have only been reported in three dogs and one cat presenting with back pain. Impinged spinous 28 
processes are also occasionally noted on radiographs of healthy dogs with unknown clinical significance. 29 
 30 
METHODS: 190 lateral thoracic radiographs of asymptomatic dogs radiographed for reasons other than 31 
spinal pain, were retrospectively reviewed by two boarded radiologists. Images were assessed for the presence 32 
of impinged spinous processes and graded for the presence of narrowing, sclerosis, or remodelling of the 33 
spinous processes.   34 
 35 
RESULTS: The prevalence of impinged spinous processes in unaffected dogs was 33.2%. 95% (75/79) of 36 
lesions were located between the spinous processes T8 and T11. Impingement of the spinous processes was 37 
seen more frequently in older dogs. Size of dog was also related to the lesions, as larger breed dogs displayed 38 
more frequent and more severe impingement of the spinous processes compared to smaller breeds. 39 
 40 
CLINICAL SIGNIFICANCE: Spinous process impingement appears prevalent in animals with no history 41 
of spinal pain, which indicates that this radiographic finding should be interpreted with caution. 42 
 43 
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INTRODUCTION 45 
Impingement of spinous processes is a common radiographic finding in horses and humans. It has been 46 
reported in the literature by different names such as “kissing spine” syndrome or Baastrup’s disease and is a 47 
common cause of back pain in horses (Jeffcott 1980), and people (Maes et al. 2008). Lesions are characterized 48 
by a narrowing of the space between adjacent spinous processes associated with sclerosis, flattening or 49 
remodelling of the cranial or caudal border of the spinous process. To the authors’ knowledge, radiologic 50 
findings of spinous process impingement have only been described in one cat (Gutierrez-Quintana et al. 2011) 51 
and three dogs (Beythien et al. 1994, Ragetly et al. 2009), all presenting with back pain. In our experience 52 
impinged spinous processes are also occasionally noted on radiographs of dogs presented for reasons 53 
unrelated to back pain. The clinical significance of such lesions has never been studied in dogs and no 54 
quantitative data exists within the literature. In horses, the reported prevalence of radiographic impinged 55 
spinous process lesions in clinically unaffected animals varies from 34% (Jeffcott 1979) to 91.5% (Holmer et 56 
al. 2007) and lesions mainly occur between T13 and T18. The prevalence rises to 86% (Townsend et al. 1986) 57 
or 92% (Haussler et al. 1999) when lesions are diagnosed post-mortem. 58 
There have been two reports of canine spinous process impingement occurring either with a concomitant 59 
chronic back pain or bilateral iliopsoas contracture.  In the first report (Beythien et al. 1994) radiographs 60 
showed a narrow interspinous space T10-T11 in two dogs, associated with sclerosis and radiolucencies within 61 
the spinous process. Treatment consisted of the surgical resection of the spinous process. The second report 62 
(Ragetly et al. 2009) described impinged spinous processes from T8 to L6. This unusual and wide localization 63 
was thought to be secondary to a concurrent iliopsoas contracture and continuous flexion of the hips. 64 
The aim of this study was to assess the prevalence of impinged spinous process lesions in a population of 65 
asymptomatic dogs, which may help assessing their significance. We hypothesised that narrower interspinous 66 
widths would be associated with more severe lesions of sclerosis and bone remodelling.  67 
 68 
MATERIALS AND METHODS 69 
Inclusion criteria 70 
Canine lateral thoracic radiographs obtained between April 2012 and September 2013 were retrieved from the 71 
database of Langford Veterinary Referral Hospital. Images were processed using either a Canon direct digital 72 
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radiography system (Xograph) or a Fuji computed radiography system (Fuji Capsula, Fuji Medical). Patient 73 
records for all animals were reviewed and animals with a clinical suspicion or a history of neck or back pain 74 
were excluded. Breed, age, sex, and reason for presentation were recorded. Dogs were excluded from the 75 
study if no history was available in the database. In addition radiographs were only included if all thoracic 76 
spinous processes were clearly visible. If several lateral projections were available, the one with the best 77 
exposure and least rotation was chosen. Any radiograph with a major overlap of the ribs onto the spinous 78 
processes or with major vertebral malformations, such as hemivertebrae or fused vertebrae, was excluded. 79 
 80 
Scoring system 81 
Two board-certified radiologists blindly and independently reviewed the radiographs. They were asked to 82 
grade from 0 to 3 each spinous process / interspinous space from T1 to T11 according to four criteria: 83 
sclerosis, radiolucency, remodelling, and interspinous width. A grade 0 was defined as an absence of sclerosis 84 
or radiolucency, no remodelling of the cranial or caudal aspect of the spinous process, and a normal 85 
interspinous width. Mild lesions were assigned a grade 1 (Fig.1A) and moderate modifications a grade 2 86 
(Fig.1B, 1C). Severe lesions, such as sclerosis, bone remodelling and narrowed interspinous width, as 87 
described in the case report of a German Shepherd dog with bilateral iliopsoas muscle contracture (Ragetly et 88 
al. 2009), were graded as 3. Post scoring, radiographs where there were any differences in scores were 89 
reviewed together by the reviewers and a consensus grade was determined.90 
In order to quantify the severity of the impingement of the spinous processes based on a single rating 91 
score, we defined for each pair of adjacent spinous processes a severity index computed as the sum of the 92 
three grades derived from the sclerosis, remodelling and radiolucency criteria. We chose not to include the 93 
interspinous width as part of the severity index, because this single criterion is not specific enough to define 94 
an impinged spinous process. Two spinous processes were considered impinged if the severity index was 95 
greater than 0. 96 
 97 
Measurement method 98 
We applied an additional method to obtain objective measurements of the interspinous widths from T8-T11, 99 
using reference lines perpendicular to each spinous process (Fig. 2). All measurements were done by the same 100 
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operator to an accuracy of one tenth of a millimetre using a DICOM viewer (Osirix, Geneva, Switzerland) and 101 
magnified images. A second set of measurements was performed by the same observer on a 10% sub-sample. 102 
These radiographs were chosen randomly, in order to assess the reproducibility of the method.  We computed 103 
an intra-class correlation coefficient (two-way mixed, absolute agreement, single measures) to assess the 104 
reliability of measurements using SPSS 20 software for Macintosh (SPSS Inc, USA). 105 
In order to take into account the size of the dog, the measurements were normalised by using the following 106 
method. Breeds were split into three categories according to body size (small, medium and large). To avoid a 107 
possible bias of the age, we tested only individuals having reached full body size by excluding from the 108 
analysis all individuals less than 1 year-old. We then established a ratio between each measured interspinous 109 
width and the mean interspinous width of dogs of same size with no radiographic sign of impinged spinous 110 
process. 111 
 112 
RESULTS 113 
190 canine thoracic radiographs were assessed; the mean age of dogs was 7 years (range 2 months to 15 114 
years). The study involved 91 males and 99 females. The most common breeds were Labrador and golden 115 
retrievers (N = 37), cocker and springer spaniels (N = 36) and Jack Russell terriers (N = 14). 18 116 
brachycephalic dogs such as bulldogs, cavalier King Charles spaniels and boxers met the inclusion criteria.  117 
33.2% of dogs (63/190) displayed signs of spinous process impingement. Observers differed on 55/7600 118 
grades (0.007%) on 43/190 radiographs, and each time by only one grade. A mean grade was established in 119 
these cases. 98% of the disagreed grades occurred at the T10-T11 space. Of the affected animals, 25.4% of 120 
dogs (16/63) had two interspinous spaces involved, which was the maximum found per animal in our study. 121 
Only 4 lesions (in 3 dogs) affected spinous processes T1 to T8, while 95% (75 lesions in 61 dogs) occurred at 122 
spinous processes T8 to T11 (Fig. 3). The interspinous width was scored as narrowed (i.e. interspinous width 123 
score >0.5) in 81 dogs between T8 to T11 and in only 1 dog between T5-T6. Thus, we focused subsequent 124 
measurements on the intervertebral spaces from T8 to T11: 6/75 lesions were found on the spinous processes 125 
of T8-T9, 39 lesions on T9-10, and 30 on T10-T11.  126 
The width between spinous processes, from T8 to T11, was measured at the narrowest point on all 127 
radiographs (Fig. 4). Measurements of the interspinous width were performed twice for 19 radiographs to test 128 
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the repeatability of the method. The intra-observer agreements were good for the width of the three 129 
intervertebral spaces T8-T9 (ICC = 0.76, 95% confidence interval 0.37–0.91), T9-T10 (ICC = 0.93, 95% ci 130 
0.80–0.97), and T10-T11 (ICC = 0.95, 95% ci 0.87–0.98). Mean difference values between these two sets of 131 
measurement were 0.6 mm for the interspinous width T8-T9 (range: 0-1.4 mm), 0.3 mm for T9-T10 (range: 0-132 
1 mm), and 0.4 mm for T10-T11 (range: 0-1.2 mm). As shown on Figure 4, the median interspinous width 133 
consistently decreased from T8 to T11 in all breeds of dog, regardless of their body size. 134 
To assess the relation between the severity of lesions and age and body size, we added up the severity 135 
indices from T1 to T11 for each dog to obtain a total severity index. The mean age of dogs having 136 
impingement of the spinous processes was 8.1 years (range: 10 months-15 years). Among the 63 dogs that had 137 
a total severity index equal to or greater than 0.5, 71.4% (45/63) were 6 years old or older. Dogs younger than 138 
6 years old with radiographic lesions had a mean total severity index of 2.1 (N = 18, range: 0.5-7). The older 139 
population of dogs (6 years old or older) with impinged spinous processes had a mean total severity index of 140 
2.0 (N = 45, range: 0.5-6). The percentage of dogs presenting a spinous process impingement were 22.2% 141 
(12/54) for small breeds, 40.3% (25/62) for medium breeds, and 43.8% (25/57) for large breeds. (Note that we 142 
excluded all individuals less than 1 year-old in these counts so that all individuals had reached their full body.) 143 
There was a trend for mean total severity index to increase with breed size, being 0.3 for small-sized dogs 144 
(N = 54, range: 0-4), 0.7 for medium-sized dogs (N = 62, range: 0-7), and 1.1 for large-sized dogs (N = 57, 145 
range: 0-6). 146 
 147 
DISCUSSION 148 
This study showed a prevalence of 33% of impinged spinous process in dogs, between T1 and T11. This 149 
prevalence may be underestimated due to the limitations of radiography and could actually be higher if 150 
assessed by computed tomography or post-mortem. In horses without back pain, an even higher prevalence of 151 
over 80% has been diagnosed at post-mortem (Townsend et al. 1986). Such a high prevalence in a population 152 
of asymptomatic dogs questions the clinical significance of these findings. Medical histories of dogs were 153 
thoroughly checked to exclude all dogs with any suspected neck or back pain. It should be noted, however, 154 
that an exhaustive history was not available for all animals. Some symptomatic dogs may have been included 155 
in the study population if their clinical signs were missed or not mentioned in the available clinical database.  156 
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Our results indicate that age could be related to the prevalence of spinous process impingement. Older 157 
dogs presented with these lesions more frequently, whereas the severity of the impingement did not appear to 158 
be linked to age. In comparison, the effect of age on the increase of radiological lesions remains controversial 159 
in horses; a previous study did not find any correlation between the two (Jeffcott 1979), but recent studies 160 
have suggested a link (Erichsen et al. 2004, Zimmerman et al. 2012). In humans the prevalence of Baastrup 161 
lesions does increase with age (Kwong et al. 2011, Maes el al. 2008). In the present study, the severity of 162 
radiographic lesions appears to be related to body size, with large breed dogs having more frequent and severe 163 
impinged spinous processes compared to smaller breeds. 164 
Implementing a reliable method to measure the interspinous width in dogs is problematic. Canine spinous 165 
processes have a wide range of shapes, together with various inclinations, even within the same animal. 166 
Widths appear more easily measured in horses, since interspinous spaces are quite regular with a narrowest 167 
width often at the same level (Berner et al. 2012). An interspinous width less than 4 mm is considered 168 
narrowed in horses (Erichsen et al. 2004, Sinding et al. 2010), whereas in dogs, normal interspinous widths at 169 
the anticlinal vertebra were typically only 1-2 mm. Difficulties inherent in measuring at this order of 170 
magnitude may explain why we did not manage to establish a minimum interspinous width for dogs 171 
presenting lesions in this study. One limitation of this study is that measurements were only performed from 172 
T8 to T11; however a subjective score evaluating the interspinous width was given for all thoracic spinous 173 
processes. 174 
 Our results show that the interspinous width gets narrower between T8 and T11, which linked to 175 
proximity to the anticlinal spinous process. Large breed dogs are more likely to have T11 identified as 176 
anticlinal vertebra, and it has been reported to be at T10 in smaller breeds (Baines et al. 2009). Knowing that 177 
most spinous process impingements were between T9 and T11, it seems logical that the distance between 178 
spinous processes plays a major role in the occurrence of lesions. Grading the interspinous width T10-T11 179 
was the most controversial for the observers. Indeed, this interspinous space was sometimes less clearly 180 
delineated on radiographs than the majority of others, which was likely to be the cause of disagreement by one 181 
point for 23% of radiographs. 182 
An interesting finding is that no grade reached the maximum score of 3 for any of the criteria (sclerosis, 183 
remodelling or radiolucency). All grades were between 0 and 2. We therefore assume that our study did not 184 
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include dogs with severe impingement of the spinous processes. Hence, we could hypothesise that 185 
asymptomatic dogs may have less severe radiological changes than clinically affected animals. That feature 186 
was generally observed by Jeffcott (1979) in horses. A further study should assess a group of dogs with spinal 187 
pain, to see if these dogs have higher grade lesions. 188 
Impinged spinous processes constitute a common finding in horses having back pain, especially among 189 
jumping horses. It is believed that when the back is frequently required to extend and flex maximally, 190 
particularly when jumping, it results in more severe lesions and possible back pain (Jeffcott 1980, Townsend 191 
et al. 1986). A positive correlation has been reported between clinical signs and the severity of radiological 192 
findings in horses (Zimmerman et al. 2012). In humans the pain induced by the impingement of the spinous 193 
processes is thought to be mechanical, due to repetitive strain on the interspinous ligament. The degeneration 194 
and collapse of the ligaments leads to neoarthrosis and bony erosions between adjacent spinous processes 195 
(Mitra et al. 2007). The interspinous region forms a bursa with creation of a synovial joint, which will appear 196 
on MRI as fluid-like signal between consecutive spinous processes (Maes et al. 2008). Similar 197 
pseudoarticulation features on macroscopic examination were described in the only MRI report of such 198 
lesions in a cat (Gutierrez-Quintana et al. 2011). The authors hypothesise that it is likely impingement of the 199 
spinous processes results from the same process in dogs, with large breed dogs potentially putting more strain 200 
on interspinous ligaments than small breed dogs. Impingement of the spinous processes represents a 201 
progressive degenerative process in non-clinical animals, this is why it should not be considered as a disease 202 
as such. In rare cases when impinged spinous processes cause pain, an active inflammatory process is likely to 203 
trigger the clinical signs. True origin of the pain is still unclear in humans, since these lesions often have 204 
concurrent degenerative spinal lesions, and do not always respond well to surgical treatment. Surgical 205 
resection of spinous processes seems more successful in horses, with 72% of individuals in one study 206 
(Walmsley et al. 2002) returning to work. 207 
In conclusion, impingement of the spinous processes appears prevalent within this population of 208 
asymptomatic dogs, with the changes concentrated in the T8-T11 region and being related to age and body 209 
size. The clinical significance of these lesions is questionable and their presence should be interpreted with 210 
caution. 211 
 212 
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 255 
FIGURE LEGENDS 256 
 257 
 258 
 259 
FIG. 1. (A) Impinged spinous process T9-T10 in a 6-year old female cocker spaniel (sclerosis: 1, 260 
radiolucency: 0, remodelling: 1, width: 1, severity index: 2); (B) Impinged spinous process T9-T10 in a 4-261 
year-old female boxer (sclerosis: 2, radiolucency: 0, remodelling: 2, width: 1, severity index: 4); (C) Impinged 262 
spinous process T9-T10 in a 8-year-old male Labrador (sclerosis: 2, radiolucency: 0, remodelling: 2, width: 2, 263 
severity index: 4). 264 
 265 
FIG. 2. Illustration of the method of measurement of interspinous width, for spaces T8-T9, T9-T10 and T10-266 
T11. A line was drawn from the cranioventral border of the vertebral body to the caudal tip of its dorsal 267 
spinous process; a second line was drawn perpendicular (+/- 0.5 degree) to the first, at the tip of the dorsal 268 
spinous process. The interspinous width was determined from a third line (green) parallel to the second, drawn 269 
at the narrowest point between the two spinous processes. Measurements were recorded to the nearest one-270 
tenth of a millimetre. 271 
 272 
FIG. 3. Severity index for each pair of adjacent dorsal spinous processes from T1 to T11 in 190 dogs. Each dot 273 
represents one kissing spine lesion. Samples exceeding four lesions are represented by thick lines. 274 
 275 
FIG. 4. Box plots of the interspinous width for spaces T8-T9, T9-T10, T10-T11 for small, medium and large 276 
body sizes (N = 173, medians, quartiles, range). 277 






